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concealing its origin (Jackson 1982) , or it is an allopolyploid and has arisen through interspecific hybridization.
The insights provided by data from enzyme electrophoresis in tracing the origins of polyploid ferns are well-known (Haufler 1985b (Haufler , 1987 Werth 1989 ). The number of isozymes and their patterns of variability frequently allow one to distinguish between auto-and allopolyploids (Bryan and Soltis 1987; Crawford 1985; Haufler et al. 1985) . The electrophoretic profile of an autopolyploid taxon should show a subset of the isozymes found in the diploid progenitor (Crawford and Smith 1984; Gastony 1988; Soltis and Rieseberg 1986) . In contrast, an allopolyploid should manifest fixed heterozygous (nonsegregating) banding patterns for a majority of enzymes with the component bands corresponding to additivity of the isozymes derived from two diploid progenitor species (Haufler et al. 1990; Roose and Gottlieb 1976; Werth et al. 1985) .
This paper reports on electrophoretic, cytogenetic, and morphological investigations of the taxa included in G. dryopteris. The primary objectives of this study were to determine whether subsp. dryopteris was derived through auto-or allopolyploidy and, if allopolyploidy is involved, to discover the identity of its second diploid progenitor. As detailed below, our results indicate that G. dryopteris subsp. dryopteris is an allotetraploid between G. dryopteris subsp. disjunctum and a previously undescribed eastern diploid taxon. We herein circumscribe G. dryopteris to include only the tetraploid plants, and recognize two diploid species, G. disjunctum (Rupr.) Ching (western North America) and G. appalachianum, newly described below (eastern North America). The putative triploid backcross between G. dryopteris and G. disjunctum is raised to specific status as G. x brittonianum.
MATERIALS AND METHODS
Field Work. Plants of the G. dryopteris complex were collected in the summers of 1987 and 1988 from 42 localities over a broad range (Table  1) ; these collections provided the material for enzyme electrophoretic analysis. At each locality an average sample of 10 sporophytes was taken (range = 1-25). Due to the rhizomatous nature of Gymnocarpium, its populations are made up of clones. Leaf samples were taken several meters apart to increase the likelihood that different individuals would be collected. Because of the potential for clonal replication of individual genotypes within a population, Table 1 lists both the number of leaf samples (ramets) obtained and the number of different genotypes (genets) identified at each site. Fronds were stored in plastic bags and kept refrigerated until electrophoresis was conducted. A total of 374 individual sporophytes was examined.
Enzyme Electrophoresis. All sporophytes were surveyed for electrophoretically detectable enzyme variation using 12% starch gels. Small portions of fresh leaf material were ground in phosphate grinding buffer solution (Haufler 1985a ) and the extract was absorbed into wicks of Whatman 3MM chromatography paper. The wicks were then frozen at -80°C (Ranker and Schnabel 1986 ) until they were inserted into gels. The following enzymes were resolved: aspartate aminotransferase (AAT), hexokinase (HK), isocitrate dehydrogenase (IDH), leucine aminopeptidase (LAP), malate dehydrogenase (MDH), phosphoglucoisomerase (PGI), phosphoglucomutase (PGM), 6-phosphogluconate dehydrogenase (6PGD), shikimate dehydrogenase (SkDH), and triosephosphate isomerase (TPI). Clear band patterns were expressed for PGI, PGM, and TPI using gel and electrode buffer system 6 (Soltis et al. 1983 ). The modified gel-electrode buffer system 8 (Haufler 1985a) was used to resolve LAP, HK, and AAT. The enzymes SkDH, IDH, 6PGD, and MDH were assayed using the morpholine gel-electrode buffer system (Werth 1985) at pH 7.0. The enzymes aconitase (ACON) and aldolase (ALD) were examined, but clear bands were not expressed consistently. Standard staining protocols were followed (Soltis et al. 1983 ). Nei's genetic identity values (1)were calculated using LYNSPROG provided by M. D. Loveless (College of Wooster, Ohio).
Cytology. Leaf material with young sporangia undergoing meiosis was collected and fixed in Farmer's solution (absolute ethanol and glacial acetic acid, 3:l) and stored at about 4°C. Spore mother cells were stained and squashed following the technique of Haufler et al. (1985) . Photographs of chromosome squashes were taken with Kodak Technical Pan film using a Nikon AFM camera on a Zeiss phase contrast microscope.
Spore Measurements. bands of the tetraploid were absent in G. disjunctum (Fig. 1A) . similarly, in TPI, bands corresponding to the same mobility as the fastest and slowest migrating isozymes in G. dryopteris were not observed in G. disjunctum (Fig. 1B) . These data suggest that G. dryopteris could be an allotetraploid resulting from hybridization between G. disjunctum and a previously undetected diploid. These results parallel those of a number of other recent studies, in which electrophoretic evidence for the allopolyploid origin of tetraploid ferns implicates a closely re- lated and well-known diploid taxon and an unknown diploid parent (Cryptogramma, Alverson 1988; Hemionitis, Ranker 1988; Polypodium, Bryan and Soltis 1987) .
The key to discovering the "missing" parental genome in Gymnocarpium was the correlation between ploidy level and spore size. Tetraploid G. dryopteris consistently exhibited a mean spore length of 36 pm, whereas diploid G. disjunctum had a mean spore length of 29.5 pm (Prier and Britton 1983) . The difference in mean spore lengths between plants of the two ploidy levels was statistically significant, and the range of means showed no overlap. This allowed us to use spores from herbarium specimens to identify possible diploid populations.
A survey of spore sizes revealed a concentration of small-spored populations in the Appalachian Mountains of Pennsylvania, West Virginia, and Virginia. ~h r o m o~o m a l preparations of spore mother cells at diakinesis of plants from Ice Mt., West Virginia, revealed 2n = 80 (Fig.  2 ). Because this was the first report of a diploid count for the genus in eastern North America, it was reasonable to hypothesize that these plants could be a new taxon, and represent the missing parental genome of tetraploid G. dryopteris. According to the workin; hypothesis, the "orphan" isozymes observed in tetraploid G. dryopteris should be found in the newly discovered diploid, herein described as G. appalachianum. At the dimeric PGI-2 and TPI-2 loci, G. dryopteris exhibited a fixed heterozygous pattern composed of a fast and a slow band, each with the same relative mobility as the homozygous bands found in G. disjunctum and G, appalachianum, respectively (Figs. 3A and 3C). In the monomeric enzyme SkDH, three different allozymes were found in the diploid populations (Fig. 3B ). The fixed heterozygous banding pattern observed in G. dryopteris at the SkDH locus was again additive of its putative diploid progenitors: the fast band had the same relative mobility as the homozygous band found in G. appalachianum, and the slow band had a mobility corresponding to the slow band in heterozygous G. disjunctum. This pattern was repeated at each of its seven fixed-heterozygous loci, strongly suggesting that G. dryopteris is an allotetraploid that originated following hybridization between the diploids G, disjunctum and G. appalachianum.
Various lines of evidence suggest that formation of the allotetraploid, G. dryopterzs, was not recent. Comparisons of allele frequencies (Table 2 ) between G. disjunctum and G. appalachianum yielded an average Nei's genetic identity value (I)of 0.274, a figure that approximates the 0.33 average calculated for congeneric fern species (Soltis and Soltis 1989) . This low value suggests that the diploids are distinct and probably old taxa, particularly when compared to the average value of 0.67 reported for congeneric angiosperm species (Crawford 1983; Gottlieb 1981) . The allotetraploid, G. dryopterzs, derived from these two diploids, currently has a broad circumboreal distribution well beyond the ranges of its diploid progenitors. It also undergoes normal chromosome pairing behavior at meiosis, without the formation of multivalents. The hybridization event leading to the origin of the allotetraploid possibly dates back to the Pleistocene, when the geographical ranges of northern species were contracted and displaced southward as a result of dramatic changes in climate (Davis 1983) . Such distributional changes no doubt separated the previously contiguous ranges of many species, while forcing other formerly allopatric taxa into sympatry. This latter process may have occurred in the cupy its present extensive range. As is characteristic of many allopolyploids (Ferris 1984; Haufler et al. 1990; Roose and Gottlieb 1976; Werth et al. 1985) , G. (Fig. 4) . Numerous lagging chromosomes were observed at late anaphase I (Fig. 4a) , many of which form micronuclei at teleophase I1 (Fig. 4b ). These cells give rise to aneuploid spores that tend to be malformed and abortive (Pryer and Britton 1983) . Exact chromosome counts from these hybrid plants were difficult to obtain due to the interpretation of and variability in the number of trivalents, bivalents, and univalents in a given preparation. A second observation strengthens this assertion. For most enzymes, the bands observed in G. dryopteris and G. x briffonianumhad identical mobilities. However, some of the bands observed in G, x briftonianum had mobilities that were never observed in G. dryopteris, but were identical to those present in extant populations of G. disjunctum. For example, at PGI-2, the fast band present in G. x britfonianum, which was absent in G. dryopteris, had the same relative mobility as one of the two homozygous bands found in populations of G. disjuncfum; the fast band present in G. dryopteris had the same mobility as the other homozygous band known in G. disjuncfum (Fig. 5A) . For SkDH, the slow and intermediate bands in G. x britfonianum were of the same relative mobility as the two bands found in G, dryopferis; however, the fast band in G. x briftonianum, which was absent in G. dryopteris, had a mobility corresponding to the fast band in heterozygous G. disjuncfum (Fig.  5B) . This fast band was common in extant populations of G. disjuncfum (0.7338; see Table 2 ).
On the other hand, the slow band observed in both G. dryopteris and G. x britfonianum, which corresponded in mobility to the slow band in heterozygous G. disjunctum, was observed at much lower frequencies in extant populations of G. disjuncfum than the alternative allozyme (0.2662, see Table 2 ). The presence of bands in G. x briftonianum for PGI-2 and SkDH, with the same mobility as bands found in extant G. disjuncfum, but not observed in G. dryopteris, supports the idea that the triploid plants from the type locality of G. x briffonianuminvolve abackcross between G. dryopteris and G, disjunctum.
There was no electrophoretic evidence in our sample to suggest the involvement of G. appa- Pryer (1981) and Pryer et al. (1983) . B. Based on present study lachianum in the G. x briftonianum backcross, as there were no triploid plants from the type locality with three-banded patterns in which two of the three allozymes were characteristic of G. appalachianum. Furthermore, there were no isozymes observed in extant plants of G. appalachianum that had mobilities that were unique to it and that were not also present in G. dryopferis.
Based on preliminary morphological and geographical data, however, we believe that additional isozyme studies, using a wider sampling from throughout the range of abortivespored plants, are likely to yield evidence for backcross hybrids between G. appalachianum and G. dryopteris.
Sterile triploid plants are not restricted to areas where the tetraploid overlaps with either diploid. The wide distribution of triploids could be explained if they resulted from several separate evolutionary events involving both longlived triploid populations that originated when tetraploid and diploid species were sympatric and survived as rhizomes over long periods of time, and more recent hybridizations by long distance spore dispersal or "remote control" (to use the terminology of Wagner 1943). There is some limited evidence of fertility among the triploids. The spores produced by these plants are of two types: sterile, malformed, black spores with very exaggerated perispores and large, round spores with extensive reticulate perispores (Pryer and Britton 1983) that are capable of germination (Pryer 1981) . If such large spores produce gametophytes capable of reproducing apomictically, this presumably would help to TABLE explain how otherwise sterile triploid hybrids senting independent evolutionary lineages decould have such a broad range. The biology of serve species names, but only if morphological these remarkable triploid plants merits further characters, however subtle, can be found to difinvestigation. ferentiate them. Based on morphology, the three sexual taxa in the G. dryopteris complex can be distinguished using a combination of features (see Table 3 , as well as key and descriptions We agree with Paris et al. (1989) that a system below). Because hybridization between the tetof classification should reflect as closely as pos-raploid and either diploid would produce stersible the phylogenetic relationships of the taxa ile triploid backcrosses, and because the genetic under study, and that cryptic species repre-identity between the two diploids is so low (av- erage f = 0.274), we feel that these taxa should be recognized as distinct species. Although isozymically distinct, members of the G. dryopteris complex are morphologically similar species differentiated by minor characters. Figure 7 illustrates past and current hypotheses of relationships among members of the complex. Sarvela (1980) and Pryer et al. (1983) hypothesized that G. disjuncturn gave rise to G. dryopteris through autopolyploidy, and that G. x brittonianurn was a sterile triploid backcross between them (Fig. 6A) . As currently defined, however, the G. dryopteris complex is thought to include two divergent diploids, G. appalachianurn and G. disjuncturn, a fertile allotetraploid, G. dryopteris, and an assemblage of two different, abortive-spored triploid backcrosses, G. appalachianurn x dryopteris and G. disjuncturn x dryopteris (Fig. 68) . The name G. x brittonianurn is applied here to the latter hybrid combination (see below).
Comparison o f sexual m e m b e r s o f t h e Gymnocarpium dryopteris complex. Superscript n u m b e r s and letters refer t o frond terms depicted i n Figure 7 .

Characters
Condition o f basal basiscopic pinnules2 o f proximal pinnaes
Condition o f second pinnaes
Condition o f third pinnae13
Margins o f ultimate segm e n t s o f proximal pinnae
Mean exposure l e n g t h ( b m )
Chromosome n u m b e r G. nuua/ach!nnum
Pinnate-pinnatifid or pinnatifid and o f t e n stalkedzB, i f sessilezA, w i t h basal basiscopic pinnulets6 always shorter t h a n adjacent basiscopic pinnulets7 O f t e n stalkedsB, i f sessilesA, w i t h basal basiscopic pinnules9 shorter t h a n adjacent basiscopic pinnuleslO, and equaling basal acroscopic pinnuleslS, t h e latter shorter t h a n adjacent acroscopic pinnuless2 Sessile w i t h basal basiscopic pinnuless4 shorter t h a n adjacent basiscopic pinnules15 and equaling basal acroscopic pinnules16, t h e latter shorter t h a n adjacent acroscopic pinnules17 Crenate t o entire, w i t h entire, rounded tips G , dzsiunctum
Pinnate-pinnatifid and sessilezA w i t h basal basiscopic pinnulets6 usually longer than, t h o u g h sometimes equaling or shorter than, adjacent basiscop-
SessilesA w i t h basal basiscopic pinnules9 equali n g or exceeding l e n g t h o f adjacent basiscopic pinnules1° and markedly longer t h a n basal acroscopic pinnulessl, t h e latter distinctly shorter t h a n adjacent acroscopic pinnuless2 or absent Sessile w i t h basal basiscopic pinnules14 equaling adjacent basiscopic pinnuless5 and longer t h a n basal acroscopic pinnules16, t h e latter distinctly shorter t h a n adjacent acroscopic pinnules17 Slightly pinnatifid t o crenate, o f t e n w i t h crenulate, acute tips
The following key will permit identification of most mature specimens, especially those possessing mature, fertile fronds (with sori). As is true for other members of the Dryopteridaceae, the best characters for distinguishing species include features of the basal pinnules of the proximal pinnae. The sterile hybrids are morphological intermediates between their parental species and are very difficult to identify using strictly vegetative features. The presence of mostly abortive spores is the most reliable character for their identification. In order to facilitate identification, important terms pertaining to the frond are schematically depicted in Fig 
FIG.8. Gyrnnocarpiuin appalachianum.
A. Frond at right: i) second pinnae are stalkedsB, and ii) proximal pinnael have stalked basal basiscopic pinnules2? Frond at left: i) second pinnae are sessilesA with basal basiscopic pinnules9 shorter than adjacent basiscopic pinnules1° and equaling basal acroscopic pinnules", the latter shorter than adjacent acroscopic pinnules12, and ii) proximal pinnae' have sessile basal basiscopic pinnules2" with basal basiscopic pinnulets6 shorter than adjacent basiscopic pinnulets7. Based on holotype: Pryer et al. 948 (US). B. Morphological "extreme" in plants of G. appalachlanuin: i) second pinnae are stalkedsB, and ii) proximal pinnae' have stalked basal basiscopic and acroscopic pinnules2"""" Based on Windham 81-31 (UT). Bar lines = 1 cm.
--Pinnae basales pinnulis basalibus basiscopicis instructae, plerumque stipitatis aut si sessiles subpinnulis basiscopicis brevioribus quam subpinnulis basalibus basiscopicis secundis. Pinnae basales secundae plerumque stipitatae aut si sessiles pinnulis basalibus basiscopicis brevioribus quam pinnulis basalibus basiscopicis secundis et aequantibus pinnulas basales acroscopicas, pinnulae basales acroscopicae breviores quam pinnulis basalibus acroscopicis secundis. Sporae reniformes, 27-31 pm longae, testaceae. Chromosomatum numerus 2n = 80.
Rhizomes 0.5-1.5 mm in diameter, with scales 1.5-3.0 mm long. Fertile fronds usually 10-32 cm tall. Stipes 6-20 cm long with scales up to 6 mm long. Blades 4-12 cm long, bipinnate-pinnatifid or tripinnate-pinnatifid. Pinnae with entire, rounded tips. Proximal pinnael 3-10 cm long, with b a s a l b a s i s~o~i c pinnules either stalkedzB and pinnate-pinnatifid or pinnatifid, or sessilezA and pinnate-pinnatifid or pinnatifid, if the latter, basal basiscopic pinnulets6 always shorter than adjacent basiscopic pinnulets7; second basal basiscopic pinnules3 sometimes stalked, if sessile, with basal basiscopic pinnulets shorter than adjacent basiscopic pinnulets; basal acroscopic pinnules sometimes stalked4B, if sessile", with basal basiscopic pinnulets shorter than adjacent basiscopic pinnulets. Second pinnae usually stalkedsB, if sessileRA, with basal basiscopic pinnules9 shorter than adjacent basiscopic pinnuleslO, a n d equaling basal acroscopic pinnulesl1, the latter shorter than adjacent acroscopic pinnuleslz; pinnules often with entire, rounded tips. Third pinnae sometimes stalked, if sessile13, with basal basiscopic pinnulesl" shorter than adjacent basiscopic pinnules15, and equaling or shorter than basal acroscopic pinnules16, the latter equaling or shorter than adjacent acroscopic pinnules17. Ultimate segments of the lower pinnae oblong, entire to crenate, with entire, rounded tips. Spores reniform, 27-31 pm long. Diploid 2n = 80 (Fig. 2) .
Distributiorz. Restricted to the southern Appalachian region of the United States (Fig. 9 ): North Carolina, Ohio, Pennsylvania, Virginia, and West Virginia.
Habitat. Maple-birch-hemlock (Acer-BetulaTsuga) woods on mountain slopes and summits, on moist sandstone talus and scree, talus slopes with cold air seepage (algific). 200-1400 m.
[Volume 18 FIG. 9 . North American distributions of Gymtzocarpium appalachianunl (triangles) and G. disjullctum (dots); the type localities of these species in Virginia and Alaska, respectively, are indicated by arrows. DISJUNCTUM (Rupr.) Ching, Jr., a putative triploid hybrid known only from Acta Phytotax. Sin. 10: 304.1965 (Fig. lo) Frond showing i) sessile second pinnaeR" with basal basiscopic pinnulesg equaling adjacent basiscopic pinnules1° and markedly longer than basal acroscopic pinnules", the latter distinctly shorter than adjacent acroscopic pinnules", and ii) proximal pinnae' with basal basiscopic pinnules that are pinnate-pinnatifid and sessile2" with basal basiscopic pinnuletsb equaling adjacent basiscopic pinnulets7. B-C: Morphological variation in plants of G. disjunctunz. B. Proximal pinnae' with sessile basal basiscopic pinnulesZA with basal basiscopic pinnulets6 longer than adjacent basiscopic pinnulets7. C. i) Proximal pinnae' with sessile basal basiscopic p i n n~l e s~~ with basal basiscopic pinnulets6 shorter than adjacent basiscopic pinnulets7, and ii) second pinnae sessileBA with basal acroscopic pinnules" absent. Rhizomes 1-3 mm in diameter, with scales 2-4 mm long. Fertile fronds usually 20-68 cm tall. Stipes 12-44 cm long with scales up to 6 mm long. Blades 8-24 cm long, tripinnate-pinnatifid. Pinnae with acuminate tips. Proximal pinnael 5-18 cm long, with basal basiscopic pinnules sessile2", pinnate-pinnatifid (with basal pinnulets, and sometimes second and third basal pinnulets, not joined), and with basal basiscopic pinnulets6 usually longer (sometimes equaling or shorter) than adjacent basiscopic pinnulets7; second basal basiscopic pinnules sessile3 with basal basiscopic pinnulets usually longer than or equaling adjacent basiscopic pinnulets; basal acroscopic pinnules sessilelA with basal basiscopic pinnulets usually longer than or equaling adjacent basiscopic pinnulets. Second pinnae usually sessile8" with basal basiscopic pinnules9 longer than or equaling adjacent basiscopic pinnuleslO, and markedly longer than basal acroscopic pinnulesl1, the latter absent (uncommon) or distinctly shorter than adjacent acroscopic pinnules12; pinnule tips often crenulate, obtuse. Third pinnae usually sessile13 with basal basiscopic pinnules14 longer than or equaling adjacent basiscopic pinnules15 and also longer than basal acroscopic pinnules16, the latter shorter than adjacent acroscopic pinnules17. Ultimate segments of the lower pinnae oblong, crenate to slightly pinnatifid, with crenulate, acute tips. Spores reniform, 27-31 pm long. Diploid 2n = 80 (V. Sorsa 1966; Taylor and Mulligan 1968; Wagner 1966) .
Distribution. Sakhalin Island, southern Kamchatka; western coast of North America from Alaska to Oregon and east to Montana and southwestern dlberta (Fig. 9) .
Habitat. Shaded, rocky slopes and ravines, mixed coniferous woods, moist stream and creek banks. 0-2400 m. ( M I N 486807) . B. G. x brittonianum: i ) sessile second pinnaexA w i t h basal basiscopic pinnulesq equaling adjacent basiscopic pinnulesl0 and conspicuously longer than basal acroscopic pinnules", t h e latter shorter than adjacent acroscopic pinnules12, and Rhizomes 0.5-1.5 mm in diameter, with scales 1-4 mm long. Fertile fronds usually 12-42 cm tall. Stipes 9-28 cm long with scales up to 6 mm long. Blades 3-14 cm long, bipinnate-pinnatifid. Pinnae with entire, rounded tips. Proximal pinnael 2-12 cm long, with basal basiscopic pinnules usually sessilezA, pinnatifid (with basal pinnulets confluent with adjacent pinnulets) or rarely pinnate-pinnatifid, and with basal basiscopic pinnulets6 often equaling or longer than adjacent basiscopic pinnulets7; second basal basiscopic pinnules sessile3 with basal basiscopic pinnulets equaling or longer than adjacent basiscopic pinnulets; basal acroscopic pinnules sessile4A with basal basiscopic pinnulets longer than or equaling adjacent basiscopic pinnulets. Second pinnae usually sessilesA with basal basiscopic pinnules9 longer than or equaling adjacent basiscopic pinnuleslO, and about equaling basal acroscopic pinnulesl1, the latter equaling or slightly shorter than adjacent acroscopic pinnulesl2; pinnule tips often entire, rounded. Third pinnae sessile13 with basal basiscopic pinnules14 as long as adjacent basiscopic pinnules15 and equaling basal acroscopic pinnules16, the latter equaling or slightly shorter than adjacent acroscopic pinnules17. Ultimate segments of the lower pinnae oblong, entire to crenate, with entire, rounded tips. Spores reniform, 34-39 pm long. Tetraploid, 2n = 160 (Britton 1953; Manton 1950; Pryer 1981; V. Sorsa 1958; Vida 1963; Wagner 1963) .
Distribution. Circumboreal (Fig. 12 ). Throughout northern and central Europe; northern Asia to China and Japan; Greenland; temperate North America, Alaska to Newfoundland, southwards to Arizona and Pennsylvania.
Habitat. Commonly found in cool, coniferous and mixed woods, and at base of shale talus slopes. 0-3000 m.
Two syntypes for the name Polypodium dryopteris var. erectum were located at E. One was labeled "Polypodium dryopteris a" and the other "Polypodium dryopteris var. rigidium." The first specimen is most likely what Lawson referred to as the "normal form," and the second what he had in mind for var. erectum. His change in varietal epithet was possibly due to his realization that Hooker had already published a P. dryopteris var. rigidium in 1832.
Other species included in Gymnocarpium in North America are Gymnocarpium robertianum and G. jessoense (Koidz.) Koidz. subsp. parvulum Sarvela, two morphologically distinct tetraploids (Sarvela et al. 1981 ) that differ most conspicuously from those species in the G, dryopteris complex by having an indument of minute (0.1 mm) glands on their leaves. Pryer (1990) presents a tabular comparison of the morphological and ecological attributes of G. dryopteris with those of G, robertianum and G, jessoense subsp. parvulum. Hybrids between the glabrous species, and also between the glabrous and glandular species, have played significant rile in obscuring species boundaries in Gymnocarpium. Rhizomes 1-2 mm in diameter, with scales 1-4 mm long. Fertile fronds usually 14-60 cm tall. Stipes 10-40 cm long with scales up to 6 mm long. Blades 4-20 cm long, usually tripinnatepinnatifid, sometimes bipinnate-pinnatifid. Pinnae with acuminate tips. Proximal pinnae' 3-16 cm long, with basal basiscopic pinnules sessilezA, pinnate-pinnatifid or sometimes pinnatifid, and with basal basiscopic pinnulets6 usually equaling adjacent basiscopic pinnulets7; second basal basiscopic pinnules sessile3 with basal basiscopic pinnulets usually equaling adjacent basiscopic pinnulets; basal acroscopic pinnules sessile4* with basal basiscopic pinnulets usually equaling adjacent basiscopic pinnulets. Second pinnae sessilesA with basal basiscopic pinnules9 equaling adjacent basiscopic pinnulesI0, and usually conspicuously longer than basal acroscopic pinnulesl1, the latter distinctly shorter than adjacent acroscopic pinnulesiz; pinnule tips often crenulate, obtuse. Third pinnae usually sessile13 with basal basiscopic pinnules14 equaling adjacent basiscopic pinnules15 and sometimes slightly longer than basal acroscopic pinnules16, the latter usually slightly shorter than adjacent acroscopic pinnules17. Ultimate segments of the lower pinnae of large blades oblong, crenate to slightly pinnatifid, with crenulate, acute tips; those of small blades oblong, entire to crenate, with en-
